INTRODUCTION
============

Surgical extraction of the mandibular third molar is the most common procedure in oral surgery, and all clinicians must consider post-operative pain after mandibular third molar surgery. Indeed, many dental researchers have focused on reducing post-operative pain \[[@B1][@B2][@B3][@B4][@B5]\].

Although the inflammatory response mediates wound healing, an excessive response can lead to a variety of complications. Therefore, several approaches have been taken to overcome post-operative pain. Clinicians mostly prescribe non-steroidal anti-inflammatory drugs, opioids, or a combination of both. However, corticosteroids, especially dexamethasone, are among the most effective drugs in terms of overcoming post-operative pain, facial swelling, and mouth opening (trismus) \[[@B1][@B2][@B3][@B4][@B5][@B6]\]. In fact, facial swelling and inflammation contribute towards pain and mouth opening, even though inflammation plays an important role in wound healing.

Dexamethasone has numerous and widespread effects, including alterations in carbohydrate, protein, and lipid metabolism, maintenance of fluid and electrolyte balance, and preservation of normal function in the cardiovascular and immune system, as well as in the kidneys, skeletal muscle, endocrine system, and nervous system. Dexamethasone endows organisms with the capacity to resist noxious stimuli and environment change \[[@B7][@B8][@B9]\].

The analgesic effect of dexamethasone is thought to be mediated through its anti-inflammatory and immunosuppressive activity, which result in decreased production of various inflammatory mediators that amplify and maintain pain perception \[[@B10][@B11]\]. Mirzai et al. have demonstrated that corticosteroids, in combination with bupivacaine, have an analgesic effect, both locally in the spine and systemically. Furthermore, dexamethasone microspheres prolong block duration in both animal and human studies \[[@B12]\].

Similarly, Movafegh et al. combined 8 mg of dexamethasone with 34 mL of 1.5% lidocaine. They then compared the duration of sensory and motor blockade between this drug combination (study group) and 1.5% lidocaine alone (control group ). In the study group, the sensory blockade lasted 242 ± 76 min, whereas it lasted 98 ± 33 min in the control group. The motor blockade lasted 310 ± 817 min in the study group and 130 ± 31 min in the control group. All of these differences were significant \[[@B13]\].

The aim of the present study was to evaluate the effectiveness of sublingual injection of dexamethasone (8 mg) on postoperative pain after mandibular third molar surgery. In this regard, many clinicians report corticosteroid use in very general terms, and they rarely mention details regarding the type, dosage, and duration of administration.

PATIENTS AND METHODS
====================

The protocol of this investigation was approved by the research ethics committee of Mahidol University Institutional Review Board (COA No. MU-DT/PY-IRB 2016/021.2303), and written informed consent was obtained from all of the participants before surgery.

Forty-nine consecutive patients were enrolled in the study; all were aged between 18 and 30 years and underwent bilateral extraction of impacted third mandibular molars in the Department of Oral and Maxillofacial Surgery. The minimum sample size---calculated using the world health organization (WHO) sample size calculator---was 32 patients, with a 5% level of significance, a power of 60%, and a confidence interval of 17.53%.

This randomized, prospective study with a split-mouth, clinical trial design was carried out at the Department of Oral and Maxillofacial Surgery of the Faculty of Dentistry, Mahidol University. The study was managed by a single investigator and randomized using coin tosses. All operations were performed by the same experienced surgeon. Both the surgeon and the patients were blinded to the study design.

To qualify for inclusion in the study, the patients were required to (1) be healthy (ASA I), (2) have bilateral symmetrically impacted third molars, as visualized using on panoramic investigation and defined according to the Pell and Gregory classification \[[@B14]\], and (3) have no systemic disease.

Patients were excluded from the study if they (1) had undergone treatment using analgesic or any related drugs ≤ 15 days prior to surgery, (2) were pregnant, (3) were allergic to corticosteroids, (4) had lesions around the impacted mandibular third molars, (5) did not fulfil postoperative instructions or adhere to the follow-up regime.

All the impacted mandibular third molars were removed using the same standard surgical technique; the patients were given local anesthesia (two capsules of 4% articaine with 1:100,000 epinephrine). After inferior alveolar nerve block and local infiltration (numbness of the lip and tongue), 2 mL of normal saline with 8 mg of dexamethasone, or 2 mL of normal saline alone, was injected into the sublingual space. Subsequently, the standard technique of lower third molar surgery was performed. The washout period between the two mandibular third molar operations was at least 3 weeks.

Pre-operatively, no medication was given to the patients; however, after each operation, all patients were given postoperative instructions and asked to provide a pain score using the 100 mm VAS on the first, second, and third postoperative days. The duration of surgery from the first incision to the final suture was also recorded, as was rescue drug consumption (paracetamol; 500 mg) during the 7 days after surgery.

To compare between protocols (dexamethasone and placebo), statistical analysis was performed using the Statistical Package for the Social Science (SPSS version 22; SPSS Inc., USA). To evaluate the normality of the data, the Shapiro--Wilk test was used, with the application of either parametric or non-parametric tests. All P-values \< 0.05 were considered significant.

RESULTS
=======

In total, 97 impacted mandibular third molar teeth were surgically removed in this investigation. One of the patients underwent only one operation (using normal saline), and was excluded from the study. Data were collected from the remaining 48 patients between March and June 2016 at the Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Mahidol University, Bangkok. Data regarding sex and duration of surgery are provided in [Table 1](#T1){ref-type="table"}. There was no significant difference in the duration of surgery between the dexamethasone and placebo groups.

The angulations of the mandibular third molars in this study were as follows: mesioangular (37.5%), horizontal (33.4%), vertical (18.7%), and distoangular (10.4%), as shown in [Table 2](#T2){ref-type="table"}. [Table 3](#T3){ref-type="table"} shows the classifications of the mandibular third molars in this study: there were 10 patients in class IIA, 26 patients in class IIB, nine patients in class IIC, one patient in class IIIA, and 2 patients in class IIIB.

There was a significant difference between the dexamethasone and placebo groups with regard to pain on the first, second, and third days after surgery, based on the 100 mm VAS ([Table 4](#T4){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}). Furthermore, a significant difference occurred between the groups regarding analgesic consumption ([Figure 2](#F2){ref-type="fig"}).

DISCUSSION
==========

The removal of impacted mandibular third molars can be associated with intra-operative and postoperative complications, such as nerve damage, tooth or root displacement into the adjacent anatomical spaces, mandibular fracture, facial swelling, trismus, and pain. However, the incidence of these postoperative complications is relatively low, and they can be minimized or avoided through comprehensive pre-operative evaluation, thorough treatment planning, and by following standard principles of surgery \[[@B1][@B15][@B16][@B17][@B18]\].

To overcome postoperative complications such as pain, which is a normal physiological response to surgery, clinicians and researchers have used low laser therapy \[[@B19]\], non-steroidal anti-inflammatory drugs \[[@B20][@B21][@B22][@B23][@B24][@B25]\], opioid drugs \[[@B26]\], cold-ice therapy \[[@B27]\], acupuncture \[[@B2][@B6][@B28][@B29]\], tube drains \[[@B30]\], secondary closure of the surgical wound \[[@B31]\], and corticosteroids \[[@B1][@B3][@B4][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B15][@B16][@B17][@B18]\].

The present study evaluated the efficacy of dexamethasone in this regard; it represents a class of drugs commonly prescribed pre-operatively before oral and maxillofacial procedures. To this end, symmetrical mandibular third molar surgery was chosen as the study subject. Cooper \[[@B32]\] stated that three categories of surgery lead to dental pain: complicated oral, periodontal, and impacted third molar removal. In particular, mandibular third molar removal is associated with moderate and severe pain.

The present study was a split-mouth, randomized, double-blind, clinical trial; it was performed using a placebo to reduce bias. Because we assessed symmetrical mandibular third molar teeth on either side of the same patient (split-mouth), our study had advantages in terms of the difficulty and duration of surgery, as well as the patients\' perception of postoperative pain. There were no significant differences between the groups with regard to the surgical procedures or demographic data (sex, age, number of operations, duration of surgery, difficulty of mandibular third molar surgery according to the Pell and Gregory classification \[[@B14]\], incision design, bone removal, and tooth sectioning).

Dexamethasone has often been considered in the management of pain, swelling, and trismus after mandibular lower third molar surgery, and it has been used previously to test the efficacy of pre-emptive analgesia for postoperative pain control. For instance, Boonsiriseth et al. \[[@B1]\] recommended that pre-operative dexamethasone (8 mg), both by intramuscular injection or oral consumption can decrease postoperative pain, facial swelling, and limited mouth opening.

Another study by Mojsa et al. concluded that a submucosal injection of dexamethasone (4 mg) both before and after surgery eased pain more effectively. The same researchers reported that pre- and postoperative submucosal injection of dexamethasone alleviated pain to a similar degree, and that there was no difference in the total rescue analgesic intake \[[@B33]\]. However, in our study, dexamethasone was injected sublingually after the onset of local anesthesia, and 1 h prior to surgery, as the onset time of dexamethasone is 1 h. Such dexamethasone injection before the first incision appears to have benefits; for example, significantly less pain and decreased rescue analgesic drug intake. These are likely due to the biological life and peak level time of dexamethasone. Joshi et al. \[[@B34]\] and Hupp et al. \[[@B35]\] showed that corticosteroids must be administered before the tissue is damaged, not during or after surgery \[[@B7][@B23][@B24][@B25]\]. Using these drugs, peak levels of bradykinin release occur within 3 h of tissue trauma.

In the present study, we injected the dexamethasone sublingually, because we believed that this is more comfortable for the patient then intramuscular, intravenous, or deep intra-potential injection. The sublingual space is considered a potential superficial site for drug administration. Sublingual injection ensures systemic administration; the space has high permeability and a rich blood supply. Furthermore, the sublingual route can induce rapid onset of the effects of dexamethasone. Sublingual injection of dexamethasone (8 mg) is believed to be a more effective method of drug administration than the buccal mucosa and intramuscular routes.

In conclusion, 8 mg of dexamethasone, pre-operatively injected into the sublingual space, can reduce postoperative pain after mandibular third molar extraction. The sublingual space is well supplied with vascular and lymphatic drainage, and first pass metabolism in the liver is avoided using this route, as is pre-elimination in the gastrointestinal tract. In the present study, pre-operative dexamethasone injection into the sublingual space resulted in significant different VAS pain scores and analgesic intake. We recommend sublingual injection of dexamethasone (8 mg) to ameliorate postoperative pain.
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###### Sex and duration of surgery

![](jdapm-17-47-i001)

  Variable                    Dexamethasone Group   Placebo Group   Total   Percentage   P-value
  --------------------------- --------------------- --------------- ------- ------------ ---------
  Men                         19                    19              38      39.6         0.3
  Women                       29                    29              58      60.4         
  Total                       48                    48              96      100.0        
  Duration of surgery (min)   20.06 ± 6.61          19.47 ± 6.99                         

###### Angulation of mandibular third molar

![](jdapm-17-47-i002)

  Angulations    Dexamethasone Group   Placebo Group   Total   Percentage
  -------------- --------------------- --------------- ------- ------------
  Mesioangular   18                    18              36      37.5
  Horizontal     16                    16              32      33.4
  Vertical       9                     9               18      18.7
  Distoangular   5                     5               10      10.4
  Total          48                    48              96      100.0

###### Classifications and positions of mandibular third molar
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  Classifications & Positions   Dexamethasone Group   Placebo Group   Total   Percentage
  ----------------------------- --------------------- --------------- ------- ------------
  Class II A                    10                    10              20      20.8
  Class II B                    26                    26              52      54.2
  Class II C                    9                     9               18      18.7
  Class III A                   1                     1               2       2.1
  Class III B                   2                     2               4       4.2
  Total                         48                    48              96      100.0

###### Evaluation of pain, based on the visual analog scale (VAS) (mm)
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  Pain                  N    Day 1 post-op   Day 2 post-op   Day 3 post-op   P-value
  --------------------- ---- --------------- --------------- --------------- ---------
  Placebo group         48   23.85 ± 12.73   29.62 ± 11.79   16.02 ± 8.28    0.00
  Dexamethasone group   48   14.12 ± 7.81    8.56 ± 7.20     3.93 ± 5.06     
  P-value                    0.00            0.00            0.00            
